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Purpose: Hyperglycemia and abnormal glucose tolerance tests observed in some patients with chronic Chagas’ disease suggest
the possibility of morphological changes in pancreatic islets and/or denervation. The purpose of this study was to describe the
morphology and morphometry of pancreatic islets in chronic Chagas’ disease.
Methods: Morphologic and computerized morphometric studies were performed in fragments of the head, body, and tail
regions of the pancreas obtained at necropsies of 8 normal controls and 17 patients with chronic Chagas’ disease: 8 with the
digestive form (Megas) and 9 with the congestive heart failure form.
Results: The Megas group had a larger (p < 0.05) pancreatic islet area in the tail of the pancreas (10649.3 ± 4408.8 µm2) than
the normal control (9481.8 ± 3242.4 µm2) and congestive heart failure (9475.1 ± 2104.9 µm2) groups; likewise, the density of the
pancreatic islets (PI) was greater (1.2 ± 0.7 vs. 0.9 ± 0.6 vs. 1.9 ± 1.0 PI/mm2, respectively). In the tail region of the pancreas of
patients with the Megas form, there was a significant and positive correlation (r = +0.73) between the area and density of pancreatic
islets. Discrete fibrosis and leukocytic infiltrates were found in pancreatic ganglia and pancreatic islets of the patients with Chagas’
disease. Trypanosoma cruzi nests were not observed in the examined sections. Individuals with the Megas form of Chagas’ disease
showed increased area and density of pancreatic islets in the tail of the pancreas.
Conclusion: The observed morphometric and morphologic alterations are consistent with functional changes in the pancreas,
including glycemia and insulin disturbances.
DESCRIPTORS: Chagas’ disease. Morphometry. Pancreatic islets. Pancreas.
Well-known clinical manifestations
of chronic Chagas’ disease include car-
diac, esophageal, and colonic symp-
toms, which are often associated with
visceral inflammation and parasympa-
thetic denervation1. Some studies also
suggest a more widespread parasympa-
thetic denervation in chronic Chagas’
disease. Manifestations of autonomic
nervous system imbalance could in-
clude abnormalities in gallbladder
function and higher frequency of
cholelithiasis2, abnormalities in iris
shape3, and increased frequency of
headache4.
Altered glucose and insulin re-
sponses after oral glucose tolerance
tests have been described in chronic
Chagas’ disease and could be due to
local parasitic action, β-cell involve-
ment in chronic inflammation, or par-
tial denervation of pancreatic islets
(PI)5-8. Nevertheless, studies describing
the morphology of the pancreas in
Chagas’ disease patients are scanty.
Vieira & Hadler reported a variable
grade of fibrosis in the pancreas, which
they named “pancreatic cirrhosis”9. In
a pilot study, our group described in-
creased PI size in necropsied patients
with chronic Chagas’ disease10. Rocha
et al. also observed significant neuronal
depopulation in the pancreas of 12
chronic Chagas patients, when com-
pared to 14 normal controls5. Santos et
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al. described intrapancreatic neuronal
depopulation and perineural leucocyte
infiltrate in the pancreas of 6 women
with chronic Chagas’ disease6.
Because of the interrelationships of
PI and the intestinal tube (substrate,
nerves, and peptidergic routes), and
because patients with the digestive
form of chronic Chagas’ disease have
a tendency to show higher degrees of
parasympathetic nervous system den-
ervation and altered glucose and insu-
lin curves after oral glucose tests7,11, we
hypothesized that patients with the
Megas form of Chagas’ disease would
have significant morphologic and mor-
phometric differences in the PI, when
compared to patients with the conges-
tive heart failure (CHF), form or to nor-
mal controls.
The purpose of this study was to
describe the morphology and mor-
phometry of PI in individuals with
chronic Chagas’ disease, and to com-
pare the area and density of the PI of
patients with the Megas and CHF
forms of Chagas’ disease to a normal
control group.
MATERIALS AND METHODS
This study was conducted in accor-
dance with the Helsinki Declaration
Ethics guidelines and approved by the
Research Ethics Committee of the
Triângulo Mineiro Medical School.
Seventeen necropsied patients with
chronic Chagas’ disease were studied;
8 of them had the Megas (megaesopha-
gus and/or megacolon) form, and 9
died from CHF associated with cardi-
omyopathy. The diagnosis of Chagas’
disease was based upon positive T.
cruzi serologic reactions (immunofluo-
rescence, complement fixation, and
hemagglutination) performed on the
pericardial fluid obtained at necrop-
sies12. Eight normal individuals, paired
in relation to age, gender, and color,
were studied as a control group. Nutri-
tional status was assessed by the body
mass index (BMI)13,14, based on both
body weight and height registered at
necropsy (BMI = wt(kg)/ht2(m2). The
malnourished group consisted of indi-
viduals with BMI < 18.5 kg/m2. Cases
with chronic pancreatitis, hepatitis, or
liver cirrhosis, suggestive of alcohol-
ism, and individuals with a history of
diabetes mellitus were not included.
Pancreatic tissue samples from the
head, body, and tail regions were col-
lected at necropsy, fixed in 10% formal-
dehyde, and routinely processed. Each
specimen was embedded in paraffin, and
6 µm sections were prepared for staining
with hematoxylin-eosin (HE) and picro-
sirius stains. A pathologist, unaware of
the group allocation of the cases, per-
formed morphologic and morphometric
studies. Using a video camera coupled to
a light microscope, 20 PI were measured
per section. The images displayed on the
video monitor were integrated with a cur-
sor that could be moved across a graphic
measuring table that was connected to an
interactive image analyzing system that
provided linear measurements in µm and
areas in µm2. Measurements of PI and re-
spective lodging areas (thin layer of
conective tissue attach to pancreatic exo-
crine tissue that delimite PI) were ob-
tained in the head, body, and tail regions
of the pancreas.
The PI density, expressed as PI/mm2,
was calculated as a ratio of the PI num-
ber divided by the area of parenchyma
evaluated in 20 microscope fields mea-
suring 4.05 mm2. Pearson’s coefficient
was used to verify the correlation be-
tween PI area and density. In the mor-
phologic analysis, the following param-
eters were considered: hemorrhages, fi-
brous, and inflammatory infiltrate, as
well as changes in PI cells characterized
by increased affinity for nuclei staining
and/or enlarged size. The parameter’s in-
tensity was semi-quantitatively evaluated
as absent, discrete, moderate, or accen-
tuated. A single section from the head,
body, and tail regions of the pancreas was
examined in each patient. Normally dis-
tributed results were evaluated using the
Student’s t test or variance analysis
(ANOVA). Other results were analyzed
using the Mann-Whitney and Kruskal-
Wallis tests. The chi-square test was used
to compare frequencies. In all cases, the
differences were considered significant
when the probability of rejection of the
null hypothesis was less than 5% (p <
0.05).
RESULTS
There were no statistical differ-
ences, respectively, among the Megas,
CHF, and Control groups in relation to
age (52.3 ± 17.7 vs. 57.3 ± 18.7 years),
predominance of male gender (64.6 vs.
75.5%), and white color (77.1 vs.
59.2%). There were no statistical dif-
ferences among the groups in relation
to the BMI: Megas (18.56 ± 5.09 kg/
m2), CHF (20.93 ± 6.00 kg/m2), and
Control (19.02 ± 2.25 kg/m2). Table 1
shows the areas of PI and respective
lodging areas, as well as PI densities,
corresponding to the 3 pancreatic seg-
ments in Chagas patients and controls.
The averages for the Chagas groups
were greater, although the differences
were not statistically significant. Table
2 shows the comparison between
Chagas patients pertaining to the
Megas or CHF and Control groups. In
the head and body regions, the largest
PI areas were in the CHF group, fol-
lowed by Megas and Control groups.
In the tail region, the greatest PI
area was in the Megas group, followed
by Control and CHF groups. In the
head and body regions, the greatest PI
area was in the Megas group, followed
by CHF and Control groups. In the tail
region, the sequence observed was
Megas, Control, and CHF. In all these
comparisons, there was no statistical
difference. The PI density in the head
region was greater in CHF cases, fol-
lowed by Megas and Control cases,
differing from the body and tail re-
gions, where the PI density was signifi-
cantly greater in Megas cases, followed
by Control and CHF cases. There was
a positive and significant correlation (r
= +0.73) between the PI area and den-
sity in the Megas group, especially in
the tail of the pancreas (Fig. 1).
Inflammatory infiltrate, absent in all
control individuals, was observed as
rare isolated foci in 5 sections from
Chagas patients, with discrete intensifi-
cation in 4 of them. Fibrosis of moder-
ate or accentuated intensity was found
in 3 control and 11 Chagas cases. There
were hemorrhages in 3 sections from
control and 4 from Chagas cases.
Nuclear changes were found in 12 sec-
tions from control cases and 30 sections
from Chagas cases. Concerning these
parameters, no significant difference
was observed between groups. Leuko-
cytic infiltrate and discrete or moderate
fibrosis were observed in intrapancreatic
nerve ganglions of 2 Chagas individu-
als. No nests of T. cruzi were observed
in the pancreas sections examined.
DISCUSSION
The results show that the PI lodg-
ing area, the area, and density of PI
Table 2 - Comparison of pancreatic islets measurements in normal controls and patients with chronic Chagas’ disease with megaesophagus and/or
megacolon (Megas) or congestive heart failure (CHF).
Pancreas Pancreatic islets (PI) Normal controls (n=8) Chagas patients (n=17)
Megas (n = 8) CHF (n = 9)
Head Area (µm²) 17647.5 ± 2853.2 17752.1 ± 2086.1 18173.9 ± 2390.3
Lodging area (µm²) 10994.2 ± 2831.2 12283.6 ± 3604.0 11565.2 ± 3084.4
Density (PI/mm²) 10990.7 ± 0.4 10990.8 ± 0.3 10990.8 ± 0.7
Body Area (µm²) 17608.6 ± 2406.5 18554.2 ± 2823.2 18.955,0 ± 1.887,3
Lodging area (µm²) 10538.9 ± 3082.2 12696.0 ± 5036.9 12.166,0 ± 2.197,0
Density (PI/mm²) 10990.7 ± 0.4 10991.1 ± 0.5 10990.6 ± 0.3
Tail Area (µm²) 19481.8 ± 3242.4 10649.3 ± 4408.8 19475.1 ± 2104.9
Lodging area (µm²) 13179.6 ± 4149.5 15046.1 ± 5756.7 13043.0 ± 2.049.8
Density (IP/mm²) 10991.2 ± 0.7 10991.9 ± 1.0 10990.9 ± 0.6
Total n = 24 n = 24 n = 27
Area (µm²) 18246.0 ± 2870.0 18985.2 ± 3350.0 18868.0 ± 2124.7
Lodging area (µm²) 11570.9 ± 3458.0 16587.7 ± 15633.5 12258.1 ± 2467.3
Density (IP/mm²)* 10990.9 ± 0.6 10991.2 ± 0.8 10990.8 ± 0.5
*Anova: “F” = 3.51; p = 0.034. Mann-Whitney (Megas versus CHF): “U” = 6.93; p = 0.008.
Table 1 - Comparison of pancreatic islet measurements in patients with chronic Chagas’ disease and
normal controls.
Pancreas Pancreatic islets (PI) Normal controls (n=8) Chagas patients (n=17)
(X ± SD) (X ± SD)
Head Area (µm²) 17647.5 ± 2853.2 17975.4 ± 2192.7
Lodging area (µm²) 10994.2 ± 2831.2 11903.3 ± 3252.0
Density (PI/mm²) 10990.7 ± 0.4 10990.8 ± 0.5
Body Area (µm²) 17608.6 ± 2406.5 18766.4 ± 2304.4
Lodging area (µm²) 10538.9 ± 3082.2 12415.4 ± 3686.1
Density (PI/mm²) 10990.7 ± 0.4 10990.8 ± 0.5
Tail Area (µm²) 19481.8 ± 3242.4 10027.7 ± 3329.3
Lodging area (µm²) 13179.6 ± 4149.5 13985.8 ± 4202.5
Density (PI/mm²) 10991.2 ± 0.7 10991.4 ± 0.9
Total n = 24 n = 51
Area (µm²) 18246.0 ± 2870.0 18923.2 ± 2741.0
Lodging area (µm²) 11570.9 ± 3458.0 14295.6 ± 10970.7
Density (PI/mm²) 10990.7 ± 0. 6 10991.0 ± 0.5
P > 0.05
Figure 1 - Correlation between area and density of pancreatic islets (PI) in the tail of the pancreas in
patients with chronic Chagas’ disease with megaesophagus and/or megacolon (Megas form).
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were greater in Chagas patients, espe-
cially among those with Megas form,
when compared to controls. This result
is in accordance to our previous work,
in which the PI size in Chagas patients
was significantly larger than in normal
individuals10. In the Megas group, there
were cases with the smallest BMI and
the greatest PI area and PI density. So
we believed that malnourishment did
not interfere in PI size. In the literature
on the other hand, an increase of the
size of PI in experimentally obese ani-
mals15 and a decreased size of the pan-
creas in malnourished children16 has
been described.
The autonomous nervous system
(ANS) involvement in the genesis of
cardiac and intestinal manifestations in
chronic Chagas patients is well estab-
lished1,17,18. In the present work,
intrapancreatic ganglionitis was ob-
served in 2 cases from the Chagas
group, which is in agreement with the
reduction in the number of neurons in
intrapancreatic ganglions described in
Chagas patients5,6. Furthermore, alter-
ations in the secretion of hormones and
other peptides have been demonstrated,
suggesting a partial denervation of the
PI in Chagas individuals. This dener-
vation could result from ganglionitis or
regressive changes in the adjacent pan-
creatic parenchyma, with fibrosis and
hypertrophy of the filaments and nerve
ganglions. One may postulate that an
intrapancreatic structure functioning as
a pacemaker could be responsible for
the cyclic oscillatory liberation of in-
sulin in normal individuals and that
nerve ganglions would perform this
function19,20.
In accordance with other studies,
we found greater PI densities in the tail
region, both in Chagas and normal in-
dividuals21. Nevertheless, some authors
have suggested that there is no relation-
ship between the concentrations of PI
in the 3 topographical regions of the
pancreas and age, gender, body or pan-
creatic weight6,22. We did not find any
mention in the literature about the posi-
tive and significant correlation ob-
served here between the density and
size of PI in the tail region, especially
in patients with the Megas form. Al-
though there is a considerable variation
in PI size in normal individuals, the PI
number may be inversely proportional
to the increase in their size. Moreover,
regeneration or new formation of PI,
represented by endocrine proliferation
and differentiation in duct cells, may
be found in some diseases.
On the other hand, patients with the
Megas form present more intense den-
ervation of intracardiac ganglions than
patients with other clinical forms of
Chagas’ disease or normal individu-
als12. Loss of ganglion cells is also
common in the duodenum of patients
with the Megas form of Chagas’ dis-
ease23. Alterations in the absorption of
carbohydrates may occur as a conse-
quence of parasympathetic denervation
of the small intestine24. Studies with
rats experimentally infected by T. cruzi
showed that loss of neurons from the
myoenteric plexus may cause disequi-
librium in the functioning of the re-
maining neurons and in the production
of some neurotransmitters25.
It has also been observed that
women with the chronic cardiac form
of Chagas’ disease have diabetes mel-
litus and disturbances in the regulation
of glycemic level at a higher frequency
than normal controls, probably due to
reduced activity of the parasympathetic
system26. Other studies have shown in-
creases in pancreatic weight in rats af-
ter total vagotomy27. These facts are in
agreement with experimental studies
on cats that underwent ablation or
stimulation of the sympathetic or para-
sympathetic innervation of the pan-
creas, in which changes in the number
of α or β PI cells were found, in addi-
tion to possible transformations of pan-
creatic acinus into PI and vice versa28.
One may infer that the PI of individu-
als with Chagas’ disease could partially
lose the modulatory control of their
growth due to a possible disconnection
of the pancreas from the digestive in-
tramural ANS resulting from ganglion
depopulation.
Although some authors consider
insulitis to be specific to diabetes mel-
litus in the absence of diffuse pancre-
atitis29, insulitis may also be found in
other diseases30. We did not find in-
tense inflammatory infiltrate in the PI
of patients with Chagas’ disease; how-
ever, new formation of fibrous con-
junctive tissue was more frequent in
these cases, which is in agreement with
other studies9. The infiltrate in the con-
junctive tissue consisted of lympho-
cytes and plasmocytes, suggesting an
inflammatory cause for fibrosis.
Microvascular involvement could
also be a factor in the genesis of fibro-
sis, similar to Chagas myocarditis31, a
phenomenon that has been described in
patients with diabetes of long dura-
tion30.
On the other hand, since the aver-
age age of the two groups together was
58.2 ± 10.5 years, it is possible that this
alteration could in part be due to the
higher age group of the patients stud-
ied. Hemorrhages within the PI, gen-
erally discrete, were found in around
30% of patients in both groups. This is
a common finding in necropsies of in-
dividuals with other diseases32.
We did not find in the literature any
data about alterations in PI cell nuclei
in patients with Chagas disease. Our
analysis of nuclear changes provided
similar results in Chagas and Control
groups, in accordance with the findings
in acinus cells described by Vieira9. Al-
though no correlation between nuclear
volume and functional activity has yet
been established, it is relatively com-
mon to find nuclei of variable sizes in
endocrine glands of normal individu-
als30,32.
We did not observe parasitism by T.
cruzi in the sections examined. In the lit-
erature, there is only one description of
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an amastigote nest in the pancreas of a
patient with chronic Chagas’ disease33.
In another human case during the
acute phase of Chagas’ disease, the pan-
creas presented neither alterations nor
parasitism34. However, such parasitic
nests have been observed in the pancreas
of hamsters and mice during experimen-
tal studies on acute Chagas’ infection35,36.
According to the concept of the
enteroinsular axis (EIA), the PI should
have important connections with the in-
testinal tube via the nervous, pepti-
dergic, and substrate routes37,38. In-
creases in neuroendocrine system cell
count39 and gastrin serum levels40-42 as-
sociated with reduction of pancreatic
polypeptide (PP) levels have been re-
ported40,42. Gastrin may act as a growth
factor, performing direct trophic actions
at various sites including the gas-
trointestinal mucus and the pancreas43-
45. Based on evidence that the PP of
oxen doubles the synthesis of DNA in
rats, a growth factor role has also been
attributed to PP. Pancreatic polypeptide
is found in the head region of the pan-
creas, and it is particularly related to the
cells within PI. In the body and tail re-
gions, the PP producing cells are immu-
nocytochemically seen as dispersed el-
ements between the acinus cells43.
Coincidentally, it was in the head
region of the pancreas where the
Megas group presented PI of the small-
est dimensions and densities. It is pos-
sible that the gastroenteric-pancreatic
hormones may also play some role in
the changes of PI density and size de-
scribed here. There are several reports
in the literature, experimental34 and
clinical8,11,22,24,40,46,47 of functional alter-
ations of the pancreas in Chagas’ dis-
ease including glycemia, glucagon, and
insulin responses.
These alterations suggest that the
“substrate”, the third component of the
EIA, may have some role in the tro-
phism and development of PI in indi-
viduals with chronic Chagas’ disease,
or that the changes found in the present
work may partially explain the altered
results in the laboratory tests described.
The possible involvement of the 3
EIA components associated with the
ANS dysfunction and the morphologic
alterations in the pancreas of chronic
Chagas cases could, acting together,
explain the morphologic and morpho-
metric changes described here.
These findings also suggest that the
growth, development, and possibly the
functioning of the PI are modulated by
stimuli from diverse origins, including
the nervous system and exocrine, en-
docrine, and paracrine factors. Our data
could help in the clinical and surgical
handling of patients with Chagas’ dis-
ease, in addition to better understand-
ing the great prognostic variation
among the different anatomical-clinical
forms of Chagas’ disease.
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RESUMO RHCFAP/3049
SALDANHA JC e col. - Avaliação
morfológica e morfométrica das
ilhotas pancreáticas na fase crônica
da doença de Chagas. Rev. Hosp.
Clín. Fac. Med. S. Paulo 56(5):
131-138, 2001.
Objetivo: Hiperglicemia e anormali-
dades em testes de tolerância à glicose,
observadas em alguns pacientes
chagásicos crônicos, sugerem um possí-
vel papel de alterações morfológicas e
desnervação de ilhotas pancreáticas (IP).
Nosso objetivo foi descrever a morfologia
e a morfometria de ilhotas pancreáticas na
doença de Chagas crônica.
Métodos: Estudo morfológico e
morfometria computadorizada foram
realizados em fragmentos da cabeça,
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corpo e cauda de pâncreas obtidos em
necropsias de oito controles normais e
dezessete pacientes chagásicos crôni-
cos; oito com a forma digestiva
(Megas) e nove com o quadro clínico
de insuficiência cardíaca congestiva.
Resultados: O grupo Megas mos-
trou ilhotas pancreáticas de maior (p <
0,05) área na cauda do pâncreas
(10.649,3 ± 4.408,8 µm2) do que os
controles normais (9.481,8 ± 3.242,4
µm2) e que o grupo com insuficiência
cardíaca congestiva (9.475,1 ± 2.104,9
µm2); o mesmo ocorrendo com a den-
sidade das ilhotas na cauda do pâncre-
as (respectivamente, 1,2 ± 0,7 vs. 0,9
± 0,6 vs. 1,9 ± 1,0 IP/mm2). Na cauda
do pâncreas dos casos com Megas,
houve correlação positiva e significante
(r = + 0,73) entre a área e a densidade
das ilhotas pancreáticas. Discreta
fibrose e infiltrados leucocitários foram
vistos nas ilhotas e em gânglios pan-
creáticos dos pacientes chagásicos. Ni-
nhos de Trypanosoma cruzi não foram
observados nos cortes examinados. In-
divíduos com a forma Megas da doen-
ça de Chagas mostraram aumento da
área e da densidade das ilhotas na cau-
da do pâncreas.
Conclusão: As alterações morfo-
lógicas e morfométricas observadas
são consistentes com alterações funci-
onais do pâncreas, incluindo distúrbi-
os da glicemia e da insulinemia.
DESCRITORES: Doença de Cha-
gas. Morfometria. Ilhotas pancreáti-
cas. Pâncreas.
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